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Abstract: Lean Manufacturing (LM) has been one of the centrepieces of manufacturing enterprises 
since Toyota has magnificently improved its manufacturing performance through implementing 
Toyota Production System (TPS). Moreover, it has been proven that LM is the manufacturing 
system that improves shop floor performances. Success stories of LM have led a large number of 
manufacturing companies to attempt to implement LM in order to improve their shop floor 
performance and retain competitiveness. However, LM is not an easy system to adapt. 
Implementing lean manufacturing is a never ending continuous task. Training is known as a 
vehicle to assist the implementation process. This paper summarises the overview of LM and 
workforce issues within lean environment. It then addresses the result of questionnaire survey 
which carried out within UK-based manufacturing companies. Finally, it proposes a training 
framework to train the production workers in lean environment. 
 
1. Introduction 
 
In recent manufacturing environment, the 
manufacturing organisations have found 
difficulties with finding the long-term 
competitive advantages within the 
traditional source of competitive 
advantages such as natural resources, 
innovation of technology, or/and 
economies of scale. Moreover, 
manufacturing enterprises are facing 
increased worldwide market and 
competition. Companies have to meet the 
rapidly changing customers’ demand and 
market requirements as quickly as possible 
without decreasing its productivity or even 
with increasing productivity. To meet this 
challenge, LM has been paid a huge 
attention. Although it was slow pace, many 
UK-based manufacturing have attempted to 
implement LM. Some of the LM 
implementation has been very successful 
resulted in reduction in costs, improved 
delivery time, increased profitability, and so 
on; however, many others have not been so 
successful and have not yet achieved the 
expected result. In order to be successful in 
developing lean environment, workforce 
training plays a significant role. UK-based 
manufacturing companies have realized the 
importance of workforce training in order to 
increase productivity, quality of work and 
worker flexibility, yet, they are reducing 
training budgets as they consider the 
training as a ‘cost’ not an investment. (NTO 
Group, 2002) 
 
2. Short introduction of LM 
 
“Lean production… is ‘lean’ because it 
uses less of everything compared with 
mass production – half the human effort in 
the factory, half the manufacturing space, 
half the investment in tools and half the 
engineering hours to develop a new 
product in half the time. Also, it requires 
keeping far less than half the needed 
inventory on site, results in many fewer 
defects, and produces a greater and ever 
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growing variety of products” (Womack et. 
al. 1990) 
LM aims at providing the highest level of 
customer service through a systematic and 
continuing searching non-value-added 
activities and wastes and eliminating them. 
According to Womack’s research on 
Japanese automotive companies’ 
production, Japanese firms have achieved 
high quality, low cost and short lead time 
by eliminating buffers and obstacles from 
the production lines. LM is a series of 
techniques and philosophies that aim to 
identify and eliminate all kinds of wastes – 
‘Seven Wastes’ – or in Japanese ‘Muda’ – 
have been identified – 1) Waste of 
overproduction, 2) Waste of waiting for 
machines or operators, 3) Waste in 
transportation, 4) Waste of processing 
itself, 5) Waste of inventory, 6) Waste of 
movement of operators and 7) Waste of 
making defective products. 
 
3. Workers’ requirements in LM 
 
There are three main requirements of 
workers in LM; flexibility and multi-
skilled, team work and flexibility and high 
motivation. Flexibility is required not only 
in LM operations but also in recent 
manufacturing environment. The workers 
are required to be capable of adapting to 
the complexity of any unexpected changes 
in work environments, customer orders, 
product development and rapid pace of 
technology changes and keeping the same 
level of performance quality. Under LM 
environment, worker flexibility can be 
achieved by developing multi-skilled 
workers. Other aspect of LM is that it is 
completely based on the team work; 
therefore, team work is considered as the 
heart of LM. In relation to multi-skilled, 
each worker is required to be capable of 
performing all the others’ tasks in his/her 
team (cross-training). Team working 
provides a chance to communicate with 
other workers and give suggestions in the 
group – kaizen circle. It also motivates and 
encourages workers by competing with 
other groups. Workers’ high motivation is 
one of the triggers to run effective LM 
operations. Lean Production is “fragile” 
which relies on the contributions of skilled 
and motivated workers in order to make 
achievable LM philosophies, i.e. just-in-
time inventory, small lot production, quick 
die changes, quality self-inspection, and/or 
a mixed product flow. (MacDuffie, 1995) 
In other words, if the workers deny their 
attention at spotting problems and their 
skill at solving them, the whole idea of LM 
will fail. The success of the adoption of 
LM is affected by the willingness of 
workers to collaborate. 
 
4. Training issues 
 
4.1 Training in general 
 
In the past, the companies did not have 
knowledge or skills of worker training in 
organizing and upgrading their skills. As a 
result, organizations failed to transfer to 
competitive contemporary companies 
owing to their mismanagement of 
workforce. Recently, some researches 
concluded that worker training was 
essential in achieving higher productivity, 
better performance, improved quality, 
technology application and techniques 
adaptation. (Pennathur et al., 2003) 
Training can also build royalty to the 
company, improve worker moral and 
develop motivation. It has been shown that 
quality of training provided to the 
employees will significantly affect 
efficiency and productivity. (Pennathur et 
al., 2003, Riding at al., 2002) However, 
only little research suggests a strategic 
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training framework or programme for 
workers in manufacturing environment. 
(Pennathur et al., 2003) Companies 
develop training programmes themselves 
with own proficiency. (Mitel et al., 2004) 
 
4.2 Training in LM 
 
Even though LM theories and philosophies 
show many good ideas, LM is not a 
problem free solution for the troubles and 
challenges which manufacturing 
companies are facing. In order to make 
LM work effectively, workforce training is 
an important issue as many proponents of 
LM give heavy attention on training. When 
a manufacturing company introduce LM at 
operational level, training is the backbone 
of the implementation process. 
Unfortunately, there are still many UK 
companies which do not have an extensive 
understanding of training endeavour even 
though they have noticed the importance 
of training. Without substantial 
understanding of training strive, such 
whole training process seems merely waste 
of resources, time and money. It is obvious 
that training is an inevitable issue for any 
manufacturing companies to maintain their 
competitiveness and matter-of-course it is 
the fundamental of LM implementation 
process. Moreover training itself is a 
comprehensive subject and should be 
considered as one of the business strategies 
thus organising a strategic training is a 
complicated process. To make LM 
workable and profitable, the firm has to 
take the initiative a strategic training 
program in applying the LM. 
 
5. An empirical study 
 
It can be assumed that training is carried 
out in different ways and different 
approaches in many manufacturing 
companies.  As there is no right or wrong 
answer for training programme, each 
company has own characteristics and 
approaches for training. An empirical 
study was carried out to investigate on 
workforce training and LM issues in 
different UK-based manufacturing 
companies. The result will help to review 
training activities carried out in 
organisations and problems which they are 
facing to. The empirical study was carried 
out by postal questionnaire. The 
questionnaire was composed of 50 
questions to select single and/or multiple 
choice answers, questions to write open 
answers, and questions to select the rank 
according to the levels of perception. The 
questions were focused on general 
training, LM and LM training. Out of 250, 
there were 23 responses from UK-based 
manufacturing companies; 6 large 
companies, 7 medium companies and 13 
small companies. In this section, some 
remarkable findings are addressed. 
 
Positive results: 
? The percentage of the companies 
which use team-working in shop floor 
was 100%. The result was considered 
to be very positive in terms of LM 
implementation processes. It shows 
that companies are either taking the 
right initiatives or having a good 
potential to facilitate adapting of LM 
practices in their production systems. 
? The existence of training evaluation 
process is a critical part; therefore it is 
no exaggeration to say that, as far as 
the author concerned, evaluation 
process decides the quality of training 
programme. The evaluation 
programme is elemental of a training 
programme and serves as a tool to 
identify if the training programme has 
been carried out efficiently. From the 
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positive point of view, the percentage 
of the companies (57%) which has an 
evaluation process is relatively high; 
on the other hand, from the negative 
point of view, 43% without evaluation 
processes is to be high figure. 
? The percentage of the companies (9%) 
that consider LM as “Not important at 
all” is considered to be quite low and 
positive result. This is because that 
91% of the companies deems LM to 
be, in some sense, important. 
Moreover, the percentage 74% that 
responded “Extremely important” or 
“Very important” can be seen as very 
high number and it augments the 
assumption of companies’ high 
interests in the LM. 
 
Negative results: 
? The percentage of companies (74%) 
which have the written training 
procedure can be interpreted in both 
positively and negatively. From the 
negative point of view, the percentage 
could be seen as rather low as the fact 
that training written procedure is the 
fundamental of training actions. 
Moreover, disappointingly, there were 
four companies which did not have a 
plan to have a training procedure in 
the future. It can be assumed that the 
companies only carry out ad-hoc 
training and has not yet realised the 
importance of training procedures. 
? The existence of training evaluation 
process is a critical part. From the 
negative point of view, 43% of the 
companies which do not have 
evaluation processes are to be high 
figure. It could be that the companies 
undervalue the importance of 
evaluation process which requires 
maximising the training activities’ 
outcomes. 
? The percentage of the companies 
(57%) which realise to have some 
problems with their current training 
programme considered to be fairly 
low. One of the fundamental 
principles of LM is “keep finding a 
problem and continuously improve it.” 
According to the LM philosophy, the 
author assumes that there is no perfect 
training programme. Even though it 
seems to be a flawless one, there is 
always a gap to be improved. 
Therefore, it was an author’s 
assumption that 43% companies which 
responded not to have any problems 
with training programme has not yet 
actually realised the problems. 
Amongst the problems stated by the 
respondents, the author paid further 
attention to the following statements 
than others as the critical issues to be 
tackled: 
• Unstructured training programme 
• Insufficient training document 
• No evaluation or review process 
• Only focused on output rather 
than training itself 
• On-the-job training only 
• Staff find difficulty in picking up 
new ideas of LM 
? It was revealed that essential skills 
(leadership, team building and 
decision-making) to support LM 
operation were not trained in more 
than half of the organisations. 
? Despite of the high percentage of the 
companies (91%) which consider LM 
to be important, disappointingly, 64% 
of the companies think that the 
workers do not have good 
understanding of LM. The reason 
could be assumed that companies do 
not know the right approach how to 
deliver the LM knowledge to the 
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workers or the workers are not willing 
to be involved in LM. Without 
workers’ good understanding LM, it is 
not likely that company achieve 
effective LM operations. 
? Following the above result, it is 
surprising that 75% companies have 
responded that it was not difficult to 
train assembly workers to fit into lean 
environment. This result is opposed to 
the above result and throw the 
questions such as “if it is not difficult, 
why workers do not have good 
understanding?” and “if it is not 
difficult, why the companies have not 
come yet very close to LM 
operations?” This result could be 
interpreted that 1) there is a gap 
between companies’ management and 
their workers, 2) the companies are 
lacking in the skills in delivering LM 
knowledge, or 3) the companies 
underestimate the difficulty of LM 
operations. 
 
6. New training framework 
 
Existing literature and the result of the 
empirical survey have shown the need for 
training framework. It is revealed that UK 
manufacturing companies are not satisfied 
with their training programme and LM 
implementation process. However, there is 
no one set of rules that offers the way to 
organise training for workers in lean 
environment. Hence, training for workers 
in lean environment needs to have a 
concrete framework which could provide a 
basis practices to work on. Figure 1 
illustrates the proposed training framework 
which is developed based on the literature 
survey and the results of empirical study. 
 
Figure 1: A proposed framework for 
training 
 
I. Business strategy – Achanga et al. 
(2006) mentioned that strategy and vision 
are the most critical success factor of LM 
implementation. Therefore the first step of 
developing training plan is to identify 
business strategies. It is important to make 
clear “who we are,” “where we are (among 
the competitors, in the market, etc.),” 
“where we want to go and until when,” 
I. Identify business strategy 
and business objectives 
II. Identify degree of leanness 
and training status 
III. Identify training objectives 
Short-term & Long-term 
IV. Identify the skill & 
knowledge gap 
VI. Organise training 
How? Who? When? etc. 
VII. Actual training activities 
IX. Feedback 
VIII. 
Learning 
transfer 
factors 
V. Understand the culture and 
organisational culture 
X
. E
valuation 
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“what the customers’ needs are,” and 
“what are the organisations’ objectives and 
aims of business.” In addition to the above 
business questions, it is essential to 
identify “what we want to benefit from LM 
at organisational level” and/or “what are 
the aims and objectives of implementing 
LM at management level.” Identifying 
business strategies also facilitate 
management control, serving as a way to 
unite individual workers into one solid 
organisation. 
 
II. Identify degree of leanness and 
training status – At this stage, two points 
will be reviewed; Degree of leanness and 
Current training. They aim to identify how 
far the company achieve lean and how 
effectively the company’s training are 
currently carried out. The result can be 
considered as either strength or weakness 
of the current company’s operation. The 
identified weaknesses are the gaps that 
companies can improve and which, as a 
result, lead a better performance. It also 
gives the idea what the company needs to 
focus on during the training planning and 
sessions. 
 
III. Identify training objectives and aims 
– Training objectives and aims are the 
results that organisations want to achieve 
and are related to business strategy. They 
can exist at both organisational level and 
individual level. However, organisational 
level objectives can be broke down to the 
individual level as workers’ objectives are 
the primary objectives to achieve 
organisational ones. The objectives and 
aims have to be realistic, meaningful, 
specific, and achievable. They can be 
divided into short-term and long-term 
depending upon the time scale or business 
priority. Furthermore, if the production 
workers can involve into this stage, it can 
be foreseen the benefits for the firm since 
the workforces may have better 
propositions for training programme and 
might feel they are considered as an 
important part of the training. 
 
IV. Identify the skill and knowledge gap 
– After objectives and aims are set, 
locating skill and knowledge gap between 
present status and future requirement is 
vital. Evaluation of the current skill and 
knowledge should be neither 
overestimated nor underestimated; 
otherwise the training will not make any 
meaningful contribute to both workers and 
organisations. 
 
V. Understand the organisational 
culture – Every organisation has its own 
unique culture even though they might 
have not intentionally tried to build it. 
Every worker is expected to follow those 
cultures. In most cases, organisational 
culture has been created unconsciously, 
based on the values of top management or 
core people. The organisational culture 
serves as a basis of organisation’s 
management system. Workers have been 
and will be attempting to change the 
culture according to their preferences and 
business conditions. 
The formation of a supportive 
organisational culture is purported to be 
one of the most essential aspects of 
implementation of LM. (Achanga et al., 
2006) Atkinson (2004) clearly states that 
“most organizations stand little change of 
implementing ‘Lean’ unless they have paid 
at least equal attention to creating the right 
culture, the circumstances, the foundation 
for implementing change.” LM requires a 
culture of continuous improvement. Lean 
is not something which creates the culture 
within organisations, but Lean is 
something which has to grow from culture. 
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(Atkinson, 2004) Therefore, the current 
attention focused too much on applying 
lean tools rather than creating lean culture 
is not the best answer for implementation 
of LM. Hence, it is essential that the 
present organizational culture is analysed 
in order to detect how individuals are able 
to accept changes and how to create the 
culture. However, it can be inferred that 
assessing the organizational culture would 
be a demanding task in practical.  
 
VI. Organise training – This is the phase 
at which detail training plans are 
organised. There are some questions to be 
answered in this stage such as; 
1) Who is the most suitable worker for 
training? 
2) Who will be the trainer? 
3) When is the best time to carry out the 
training? 
4) Which training method is the most 
suitable? 
5) What kind of material or equipment 
will be used? 
6) Where will be the training take place? 
In order to carry out the most effective 
training, these elements need to be 
systematically and deliberately 
encapsulated in training strategies and/or 
policies adapted by organisations. 
 
VII. Actual training – This is the actual 
implementation phase where chosen 
training methods take place. It is important 
to encourage the participants in order to 
make the training activities more 
rewarding for themselves and 
organisations. Even if the training 
objective seems extremely easy to achieve, 
trainers should not expect trainees to learn 
new skill or knowledge very quickly. To 
answer this, trainees have to hear, see, try, 
and retry. 
 
VIII. Learning transfer factors – It is 
important to remember that the gained 
knowledge will be lost. One month from 
the training day, 40% of gained knowledge 
will be lost and it rises up to 90% after a 
half year. (Globerson et al., 2001) In 
addition to knowledge loss due to time, 
interestingly, there are different retention 
rate according to how they learn. (Pont, 
1995) Pont mentioned that learners retain 
about; 
10% of what they read 
20% of what they hear 
30% of what they see 
50% of what they both hear and use 
70% of what they say 
90% of what they say and do 
It can be found that the level of retention is 
much greater when training method is 
more participative than passive. However, 
each worker has different motivation and 
characters to learn. Therefore, in practice, 
the trainers need to offer better training 
approach for each worker. Identifying and 
assessing each trainee’s learning process 
are complicated and delicate task. It is an 
important task in order to optimise training 
efficiency and maximize knowledge 
transfer. It requires deep knowledge, 
understanding and research in human 
science. Therefore, organization without 
such skills, it is recommended to outsource 
specialists to carry out this task.  
 
IX. Feedback – This is the stage where 
suggestions and opinions are collected 
from trainees. It is an invaluable step in 
order to not only see the result of training 
but also make next training initiatives 
more effective and productive. 
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Table 1: Training measurement framework 
Phases When? Why? How? 
1) Business strategy Before phase 
II 
To ensure if the business 
strategy is appropriate in 
current manufacturing 
environment 
Compare with other competitors or 
benchmarking 
2) Identify lean 
status 
Before phase 
III 
To identify if degree of 
leanness have evaluated 
accurately 
It may be done by outsourcing lean 
specialists 
3) Identify training 
objectives 
Before phase 
IV 
To ensure if the objectives 
are the result that company 
want to achieve and meet 
business strategy 
Compare training objectives and 
business strategy 
4) Identify skill & 
knowledge gap 
Before phase 
V 
To identify initial skills and 
knowledge prior to the 
training 
Monitoring and performance record 
5) Understand the 
culture and 
organisational 
culture 
Before phase 
VI 
To ensure if organisational 
culture was clearly 
identified 
To ensure if the 
organisational culture fit 
into organisational needs in 
terms of LM 
Monitoring and self-questioning 
6) Organise training Before phase 
VII and VIII 
To ensure the inputs will 
satisfy the training needs 
Compare training inputs against the 
objectives 
During 
training 
To ensure the trainees 
progress and to develop the 
training material 
Practical test and monitoring 
Immediate 
after training 
To see if the trainees gained 
new skills 
To ensure if the material 
was appropriate 
Practical test and questionnaire 
After 
returning to 
work 
To ensure if the trainees are 
able to use the new skill 
To identify any changes in 
task performance 
Monitoring the performance 
7) Actual training 
After an 
appropriate 
time passed 
To identify any 
improvement on company 
performance 
Monitoring and company 
performance record 
8) Learning transfer 
factors 
 
Before and 
during phase 
VII 
To ensure if the learning 
factors are taken into 
account 
Monitoring 
9) Feedback After 
training 
activities 
To see if there are any 
deviation from the training 
objectives and aims 
To see how the training 
contribute to the workers 
and the organisation 
Questionnaire or interview 
Advances in Computing and Technology, 
The School of Computing and Technology 2nd Annual Conference, 2007 
 
 
182
 
X. Evaluation – It is a backbone of whole 
training agendas as it can perform as a tool 
to identify if the training programme has 
been carried out efficiently and improve 
training programme for future training. If 
the training progress seems going out of 
the way according to the evaluation, it 
enables the firm to rectify without wasting 
further time, money and resources. Table 1 
summarises the evaluation process when, 
why and how to carry out. 
 
7. Conclusion 
The empirical study was carried out in 
order to investigate workforce training LM 
issues within UK-based manufacturing 
companies. The result and literatures 
suggest that developing a training 
framework for workers in lean 
environment is essential to initiate LM 
implementation and to achieve highly 
effective LM operation. Moreover, there 
are accepted facts that LM ameliorates 
shop floor performances, yet the benefits 
can be maximised only when a company 
can obtain well-trained and highly 
motivated workers. In this research, we 
have proposed a new workforce training 
framework to fit into lean environment. 
This proposed model not only provides a 
systematic training programme but also 
ensures the efficiency of training by 
implementing evaluation process 
concurrently. Further research is currently 
being carried out to validate the 
framework. 
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